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W e present here a study on the determ ination ofthe e ective weak m ixing angle,sin
2 lept
eff
from them easurem entoftheForward-Backward Asym m etrywith ahigh astatisticalprecision,
10
  4
.To reach such a precision itisnecessary to identify theelectronsin theforward regions
oftheATLAS detector.Itisdem onstrated thatonecan reach an electron-jetrejection ofm ore
than 100 with an e ciency on electron reconstruction betterthan 50% ,by usingam ultivariate
analysis.





M any m easurem ents ofthe theoreticalelectroweak param eters are sensitive to the quantum
corrections e ect associated to the Higgs boson. The W m ass, MW , and the weak m ixing
angle,sin2
lept
eff,arerelated quadratically to thetop m assand logarithm ically to theHiggsm ass.
Therefore the indirectm easurem entofthe Higgsm assfrom the top m assand theweak m ixing
angleprovidesa check oftheStandard M odelcoherenceand a validation ofany Higgsdiscovery.
AttheLHC,a Z production rateof 1.5 108 peryearathigh lum inosity ofwhich  5 106
decay to an electron-positron pair is expected. The determ ination ofthe weak m ixing angle
from them easurem entoftheforward-backward asym m etry in theZ ! e+ e  with a very sm all
statisticalerrorcom parableto theLEP oneispossible.Theelectron channelwaschosen instead
ofthe m uon dueto the lim ited coverage ofthe m uons(up to jj= 2.7).
2 Sim ulation
Thesignaland background eventsaregenerated with thePYTHIA6.2 and theparam etrization
CTEQ 5L ofthestructurefunction isused.Theeventsarethen fastsim ulated and reconstructed
with theATLFAST,a fastsim ulation oftheATLAS detectorresponse.
Theeventsqq! Z= ! e+ e  weregenerated in varioustransversem om entum (^pT)ranges
ofthe hard scattering m atrix elem entand with a dilepton m ass,m^ ,greaterthan 50 G eV.
Them ain backgroundsto theelectron channelare:
 pp! jj (Q CD):itisthedom inentbackground whereeach jetsim ulatesan electron.The
cross section ofthis processus is greater by severalorders ofm agnitude than the signal
one,and dom inatesatlow transversem om entum .
 pp! tt! e+ e  :Thetop quark decay into theW boson and b quark,followed by theW
decay into electron and neutrino (t! W b,W ! e). It has the sam e signature as the
signalone asthe two electronsofthe  nalstate can sim ulate the two electronsfrom Z.
3 A nalysis m ethod
The aim ofthisanalysisisthe m easurem entoftheforward-backward charge asym m etry in the
Z ! e+ e  events and its precision. This m easurem ent provides a determ ination ofthe weak
m ixing angle sin2
lept
eff
by using the relation1;2:






The selection cuts ofour analysis in the electron channelrequires an electron transverse
m om entum higherthan 20 G eV (pT > 20G eV)to sim ulate theenergy threshold oftheelectron
trigger,and a window of12 G eV around theZ m ass,85.2 G eV < M (e+ e  ) < 97.2 G eV (Z pole).
O ne requiresthatone ofthe two electronsliesin the centralregion (jj< 2.5),while the other
electron iseitherin thecentralregion (case 1)orin theforward region (case2)up to jj= 4.9.
In the region 2.5< jj< 3.2 the calorim eters used are the EM EC and the HEC and for jj>
3.2 theforward calorim eter(FCal)isused.Notethatwecan’treconstructtheelectron track in
the forward region (2.5 < jj< 4.9)asthe tracking system ofATLAS islim ited to the region
jj< 2.5. In addition,the forward calorim eters have a coarsergranularity than in the central
one and we expect the electron identi cation in this region to be less perform antthan in the
centralone.
Atlow rapidity y(e+ e  ) m ostoftheeventsareproduced via theannihilation ofthesea quark
and seaanti-quark,and theprobability thatthevalencequark and thedi-electron boostcoincide
isthen lower.Thee ecton a cutjy(e+ e  )j> 1 isthen studied.
W erequirethem issingtransverseenergy to belessthan 20G eV (P m issT < 20G eV).Thiscut
rejects e ciently the background com ing from pp ! ttchannelwhere the top decays sem ilep-
tonically.
In practice the forward-backward asym m etry is calculated by a counting m ethod of the
forward eventsN F with cos
 > 0 and backward eventswith cos < 0 ( isthe polarangle
ofthe electron in the Z restfram e):
A F B =
N F   N B
N F + N B
(2)
Asthe distribution ofthe events N F and N B follows a binom ialdistribution,the erroron the
two quantitiescan bewritten asfollows:N F = N B =
p
N F N B =
p
N F + N B and theA F B error






In this analysis,the electron/jet rejection is studied for a  xed electron e ciency (50% ).
Thedata are norm alized to the integrated lum inosity of100 fb 1 (3 yearsathigh lum inosity).
4 R esults
Table 1 showsthe value ofthe forward-backward asym m etry m easurem ent,itsstatisticalerror
and thecorresponding erroron theweak m ixing angle sin2
lept
eff
.W hen the two electronsarein
the centralregion,werem ark thatthe asym m etry and itserrorare unchanged with orwithout
thebackground dueto thehigherrejection factorin thisregion.Fig.1 leftshowsthevariation of
asym m etry versustherapidity ofthetwo electrons.Itisobserved thattheasym m etry increases
by a factor 2 when allowing the second electron to be in jj< 4.9. Asshown in the rightplot
ofFig.1,the accuracy on the forward backward asym m etry im proves while the jet rejection
increases in the forward regions and it is alm ost constant for rejection greater than 100. The
statisticalerrorreached here (for a forward rejection of100 and forward electron e ciency of




isdeduced from therelation 3 wheretheparam eters,a and
b,arederived from theory2 including theradiative corrections.




jye  j,jye+ j< 2.5 signal 0.59 1.35  10
 4 4.35  10 4
sig+ bkgd 0.59 1.35  10 4
jye  j,jye+ j< 2.5, signal 1.13 1.96 10
 4 2.58  10 4
jyZj> 1
sig+ bkgd 1.13 1.96 10 4
jye1j< 2.5, signal 1.29 1.19 10
 4 0.97  10 4
jye2j< 4.9
104 1.29 1.19 10 4 0.97  10 4
100 1.26 1.21 10 4 0.98  10 4
10 1.05 1.33 10 4 1.08  10 4
1 0.39 2.2  10 4 1.79  10 4
jye1j< 2.5, signal 2.12 1.56  10
 4 0.96 10 4
jye2j< 4.9,jyZ j> 1
104 2.12 1.56  10 4 0.96 10 4
100 2.03 1.59  10 4 0.97 10 4
10 1.52 1.84  10 4 1.13 10 4
1 0.43 3.47  10 4 2.13 10 4
Table 1:Valuesofthe FB asym m etry,ofthe statisticalerror on the asym m etry and on the weak m ixing angle for
4 rejection values in the forward region (10
4
,100,10 and 1).
5 Forw ard electron reconstruction
In ordertoevaluateouranalysisresultanddem onstrateifwecan reach such requirem entsde ned
by our analysis,a m ultivariate analysis was used to valuate the perform ance ofthe forward
calorim etersin theseparation ofelectronsfrom hadrons.Theinputvariablesused describethe
showershape(lateraland longitudinal)and itsdevelopm ent.Them ostdiscrim inating variable
is the fraction ofthe totalenergy deposited in the m ost energetic cell. Various discrim inant
m ethodsareused to con rm theobtained result.Fig.2 showsthevariation ofthejetrejection
versus electron e ciency in the forward regions for three di erent analysis m ethods (Fisher
)-e+(ey































Figure 1: Left: Forward-Backward asym m etry versus dilepton rapidity in the case 1 (red points) and in the case
2 (black points). Right: Forward-Backward asym m etry accuracy versus the forward electron/jetrejection in the
events ofthe case 2.
discrim inant,m axim um likelihood,neuralnet). W e found thata rejection of100 can easily be
obtained while keeping an electron e ciency betterthan the50% .
Signal efficiency

































































Figure 2: Background rejection versus the signale ciency in the EM EC (left) and in the forward calorim eter
(right).
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